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Abstract
Background: The aim of this project was to study changes in QRS amplitude in junior female
athletes during the initial twenty-one months of competitive training programme in aerobic gymnastics.
Methods: Somatometric parameters, heart rate (HR), blood pressure (BP) and 12-lead ECGs
were recorded in 12 female athletes, aged 1317 years (average 13.8) at 3-month intervals over
a period of 21 months. The Sokolow-Lyon index (SLI) and the maximum QRS spatial vector
magnitude (QRSmax), approximated from RV5, RaVF and SV2 voltages, were analyzed.
Results: The mean values of QRSmax and SLI decreased gradually during the study period.
The difference between the mean QRSmax values at the beginning and at the end of the study
period was 0.8 mV (30.8%), p < 0.001, and between the initial and final values of SLI was
0.6 mV (24%), p < 0.001. The somatometric parameters changed only slightly, HR and
systolic BP values did not change significantly.
Conclusions: This study showed that 21 months of competitive aerobic gymnastics training led
to a decrease in the QRSmax magnitude. This finding is in contrast with the classical hypothesis
on the ECG diagnostics of LVH and is in agreement with an alternative hypothesis on the relative
voltage deficit during the early stage of LVH development. (Cardiol J 2007; 14: 260265)
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Introduction
Regular physical training results in an increase
in left ventricular mass (LVM), which is known as
physiological left ventricular hypertrophy (LVH),
or athletes heart [1, 2]. 12-lead ECG in athletes
frequently shows an increased QRS voltage and
these QRS changes are attributed to the physio-
logical adaptation of the heart that occurs as a con-
sequence of systematic physical training. Howev-
er, the increased QRS amplitude is observed only
in a proportion of athletes with increased LVM [36].
There is also poor agreement between the QRS
voltage and the size and morphology of the left
ventricle [69].
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In our previous papers, we have pointed out that
the left ventricular mass does not always need to be
the major determinant of the QRS voltage [10, 11].
We have shown a decrease in both absolute and
relative values of QRS amplitude in the initial stage
of experimental models of LVH due to volume and
pressure overload, respectively [12, 13]. A similar
decrease in QRS amplitude is also observed in the
experimental model of exercise-induced left ventricu-
lar hypertrophy in swimming normotensive rats [14].
We have concluded that the decrease in the QRS
amplitude could be an early sign of the hypertrophic
rebuilding of myocardium, reflecting the changes in
the electrical properties of myocardium.
In this study, we tested the hypothesis that the
early period of intensive physical training is associat-
ed with a decrease in QRS amplitude. The changes in
QRS amplitude in junior female athletes were analyzed
during the course of 21 months training after their en-
try into a competitive aerobic gymnastics program.
Methods
A group of 12 girls aged 1317 years (average
age 13.8 years) was followed up for 21 months. This
group of girls entered a newly designed intensive
training program in competitive aerobic gymnastics
at the Faculty of Physical Education and Sport of
Comenius University, Bratislava, three months pri-
or to the study period. Before entering the aerobic
gymnastic program, most of the girls practiced early
stage rhythmic or artistic gymnastics, or modern
dance with a low level training load in the sport
category of pupils (maximum 3 hours per week).
The girls were routinely screened in 3-month
intervals. None of the girls had any history or symp-
toms of underlying cardiovascular disease, or of
a family history of premature death from cardiovas-
cular disease. None was taking any form of pre-
scribed cardiovascular drug treatment.
During the study period, the number of train-
ing sessions was five to ten per week (2 hours per
training session, 4 to 5 days per week). The overall
design of the training programme contained the fol-
lowing components: aerobic activities (about
30 percent on average), an aerobic activities (about
20 percent on average), dynamic strength (10 percent),
dynamic and static strength (10 percent), flexibility
and coordination (about 30 percent on average).
The following anthropometric parameters were
measured and calculated:
 body weight, height, body mass index (BMI);
 body fat percent (BF%) calculated as BF% =
= 0.365 × (TS + SSS + SIS + MCS) + 0.62,
where TS is the triceps skinfold width, SSS is the
subscapular skinfold width, SIS is suprailiacal skin-
fold width and MCS is medial calf skinfold width;
 the absolute active body mass (ABM) calculat-
ed as ABM = bodyweight  (BF% × BW/100);
 the relative active body mass (%ABM), calcu-
lated as %ABM = 100  BF%.
Blood pressure was recorded in sitting position
after 5 minutes of rest, using the automatic barom-
eter OMRON M4-I, Omron Matsusaka, Japan.
Then standard 12-lead ECG was recorded in su-
pine position using the electrocardiograph SEIVA EKG,
Czech Republic. Each ECG was recorded for 15 s, the
average value of the first three QRS complexes were
used for further calculation. This electrocardiograph
works in a semi-automated mode, e.g. the onset and
the end of the QRS complexes can be corrected manu-
ally, and the QRS amplitude and the heart rate (HR)
are given automatically. All electrocardiograms were
evaluated by one blinded researcher.
The following QRS voltage parameters were
calculated and analyzed:
 the Sokolow-Lyon index, calculated as the sum
of SV2 plus RV5,6 [15];
 the approximated maximum spatial QRS vec-
tor magnitude (QRSmax), calculated using the
following formula:
Data are presented as mean and standard de-
viation (SD), or standard error of the mean (SEM),
respectively. The differences between the values
at particular time intervals were tested using the
Friedman test. A probability value p < 0.05 was
accepted as significant.
This study was approved by the Ethics Com-
mittee of the Faculty of Physical Education and
Sports of the Comenius University, Bratislava. The
girls parents gave their informed consent for the
inclusion of the girls in the study.
Results
Table 1 presents the basic statistics of the an-
thropometric variables in the study group. At the
end of the study period the height of the girls in-
creased by an average of 2 cm, this increase was
statistically significant as compared to the initial val-
ues. In addition, the values of body weight, BMI and
ABM increased significantly during the second half
of the follow-up period compared to the initial values.
The values of HR, as well as of systolic BP, did
not change significantly during the study period
with respect to the initial values (Table 2).
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The changes in the QRS voltage criteria under
study are shown in Figure 1. The mean values of
QRSmax and of SLI decreased gradually in the study
period, and the values at the end of the study period
differed significantly with respect to the initial values.
The difference between the mean QRSmax values at
the beginning and at the end of the study period was
0.8 mV (30.8%), and the difference between the in-
itial and final values of SLI was 0.6 mV (24%).
Discussion
The main results of this study were the signif-
icant decrease in the QRSmax and SLI values, re-
spectively. These findings were in contrast with the
findings of increased QRS amplitude in athletes.
Increased QRS voltage is more frequently found
in highly trained athletes as compared to sedentary
controls [16, 17], and was shown to be enhanced with
increased level of training [18]. However, the pro-
portion of athletes exceeding the upper normal
limits is up to 47 percent in highly trained athletes [5],
which means, on the other hand, that more than half
of the results are within normal limits. In addition,
there is a poor correlation between echocardiograph-
ic LVH and ECG LVH [6]. The classical reasoning
for the poor performance of voltage criteria in ath-
letes includes the influence of anthropometric pa-
rameters, the effects of increased parasympathetic
tone on myocardium, the type of exercise and the
changes in chamber filling.
In this study, the girls were taller at the end of
the follow-up period and they increased their body
Table 1. Anthropometric variables: height, body weight (BW), body-mass index (BMI), the body-fat
percentage (BF%), the absolute active body-mass (ABM) and the relative active body-mass (%ABM),
in the group of female athletes during the study period (mean – SD are presented).
  Height [cm] BW [kg] BMI [kg/m2] BF% ABM [kg] %ABM
Sep 03 159.7–4.3 46.2–5.5 18.0–1.5 12.4–2.4 40.7–4.1 87.6–2.4
Dec 03 159.7–4.3 46.2–5.5 18.0–1.5 11.3–2.1 41.2–4.2 88.7–2.1
Apr 04 159.8–4.3 46.2–5.5 18.0–1.5 11.5–2.2 41.1–4.2 88.5–2.2
Jul 04 160.2–4.6 47.3–5.0 18.4–1.3 11.5–2.5 41.8–3.9 88.5–2.5
Sep 04 160.4–4.6 48.8–4.8* 18.9–1.3* 12.3–2.3 42.7–3.5 87.7–2.3*
Dec 04 160.8–4.7 49.6–4.4*** 19.2–1.2** 12.3–2.3 43.4–3.1 87.7–2.3***
Apr 05 161.0–4.6** 50.6–4.4*** 19.5–0.9*** 12.7–1.9 44.1–3.4** 87.3–1.9***
Jul 05 161.1–4.6*** 50.7–4.7*** 19.5–1.0*** 12.6–2.0 44.3–3.6** 87.5–2.0***
 *p < 0.05, **p < 0.01, ***p < 0.001 (vs. 1st measurement)
Figure 1. Values of Sokolow-Lyon index (SLI) and of
approximated maximum spatial QRS vector magnitude
(QRSmax) during the follow-up period. Values are pre-
sented as mean, error bar indicates standard error of the
mean; **p < 0.01, ***p < 0.001 (vs. 1st measurement).
Table 2. The values of systolic blood pressure
(SBP), diastolic blood pressure (DBP) and heart
rate (HR) in the group of female athletes during
the study period (mean – SD are presented).
SBP [mm Hg] DBP [mm Hg] HR [bpm]
Sep 03 116.8 –7.0 67.1–7.9 77.3 –14.2
Dec 03 118.2 –8.2 66.5–7.1 73.2– 14.1
Apr 04 115.2 –6.8 69.9–7.5 76.0 –14.2
Jul 04 116.2 –5.6 67.4–5.9 69.3 –12.2
Sep 04 115.8 –6.9 66.1–6.5 75.8 –14.8
Dec 04 111.4 –11.1 67.3–6.0 74.9 –16.3
Apr 05 114.3 –5.2 65.0–7.2 72.3 –12.6
Jul 05 116.3 –4.1 68.8–6.1 68.3 –10.8*
*p < 0.05 vs. 1st measurement
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weight and BMI due to active body mass. Howev-
er, the increase in height in the healthy population
is associated with the augmentation of QRS; simi-
larly, the body weight shows the same association
[19, 20]. The increased BMI and obesity are reported
to decrease significantly the QRS voltage [2123].
However, Eisenstein et al. [24] and Frank et al. [25]
show that low voltage is not a significant feature in
the ECG of obese people. Furthermore, the increase
in BMI in our study group was not due to increased
percentage of fat, but to increased active body mass.
Therefore, we do not suppose that the decrease in
QRS voltage found in this study can be attributed to
the changes in anthropometric parameters.
The decrease in HR (bradycardia), as a conse-
quence of increased parasympathetic tone, is regu-
larly seen in top athletes, and is considered to be
a sign of well-trained athletes [26, 27]. However,
in this study, a significant decrease in HR was ob-
served only at the end of the follow-up period after
21 months of intensive training so the average val-
ue of 68 bpm cannot be classified as bradycardia.
Therefore, we have no support for attributing the
changes in QRS voltage to the changes in parasym-
pathetic tone.
With respect to the type of exercise, two dif-
ferent structural forms of athletes hearts can be
defined, depending on the predominant type of ex-
ercise undertaken [28]. In the isotonic type of ex-
ercise, the left ventricular chamber size increases
with normal wall thickness resulting in an increase
in LVM. In isometric type (strength trained) ath-
letes, an increased LVM is observed as a result of
increased wall thickness and normal mean LV end-
diastolic volume. Some sports involve combined
isotonic and isometric types of exercise and are ex-
pected to show intermediate changes [29]. Fagard [30]
points out that the development of so-called eccen-
tric or concentric LVH, according the type of sport,
cannot be regarded as an absolute and dichotomous
concept since the training regimens and sports ac-
tivities are not exclusively dynamic or static, and
the load on the heart is not purely of the volume or
the pressure type [31]. In addition, Bjornstad
et al. [18] show that the differences in ECG find-
ings are relatively minor and do not distinguish the
type of sports activity. The nature of exercise un-
dertaken in aerobic gymnastics can be defined as
combined exercise; therefore, changes in both LVM
and LV dimensions could be expected. So far, no
data have been obtained specifically on aerobic gym-
nastics since this discipline has been established
rather recently (the first World Championship
organized by the International Federation of Gym-
nastics was held in 1995). Nevertheless, none of the
changes in heart geometry in athletes was report-
ed to lead to a decrease in QRS amplitude.
The effect of the changes in ventricular blood
filling is usually interpreted by the application of
the Brody effect [32]. However, there is a certain
inconsistency in the application of the Brody ef-
fect. First, the original Brody effect considers the
changes in conductivity of the intracavitary blood,
and not the changes in intracavitary volume; sec-
ond, the interpretation of the Brody effect is con-
troversial, as is shown in the analysis of its cita-
tion [10]. Therefore, the application of the Brody
effect to the explanation of changes in QRS volt-
age due to change in ventricular volume we do not
consider plausible.
In this study, two QRS voltage parameters
were used. The Sokolow-Lyon index represents
a classical clinical ECG voltage parameter for LVH
detection. It is calculated as the sum of two defined
leads, i.e. it reflects changes in the cardiac electric
field only in the plane defined by these two partic-
ular leads  in the horizontal plane. The reason-
ing for the use of the maximum spatial QRS vector
is its rationality: firstly, it involves changes in all
three spatial components (anterio-posterior, verti-
cal and left-to-right), and secondly, it does not de-
pend on the position of the heart.
The lack of the evidence of the influence of the
classical factors on the QRS amplitude in this
study favours the alternative explanation we hy-
pothesize. The alternative hypothesis considers the
false negative ECG results in LVH diagnostics as
the reflection of the relative voltage deficit caused
by changes in active and passive electrical proper-
ties of myocardium in LVH [11]. In our previous
studies, we have shown the decrease in the abso-
lute QRS amplitude as well as in the QRS to LVM
ratio (the specific potential of myocardium) in the
early stage of experimental models of pathological
LVH, both volume and pressure overload induced
[12, 13]. Similar results, e.g. the decrease in QRS
amplitude and in the SP, are observed also in the
early stage of exercise-induced left ventricular
hypertrophy in swimming normotensive rats [14].
In the literature, we have found so far only one pa-
per reporting an initial decrease in QRS amplitude
due to training  in obese children who participat-
ed in a jogging program. Hayashi et al. [33] report
a decrease in SV1 + RV5 voltage after 3 months of
exercise training, and a return to pre-training val-
ues is observed one year after training.
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Clinical implications
Papers on ECGs in athletes are focused main-
ly on the clinical significance of the wide range of
ECG abnormal patterns that may be found in trained
athletes. In addition, the recommendations on the
systematic ECG screening are focused mainly on
the identification of ECG abnormalities [3436].
Little attention is paid to changes within normal lim-
its, which might bear additional relevant informa-
tion on the status of the athletes heart in the early
phase of the intensive training.
Limitations of the study
The number of girls in this study is relatively
small. While at the beginning, 17 girls entered the
program, during the two-year follow-up period the
number decreased to 12. Only those girls who par-
ticipated continuously in the competitive training
during the whole study period were included in this
study. In this arrangement, the girls served as their
own control and the influence of inter-individual
variability was reduced.
Echocardiography was not performed to quan-
tify the changes in LVM and in the morphology of
the heart since only a slight increase in LVM might
be theoretically expected in this study, which would
not explain the decrease in QRS voltage. It was
shown that regular intensive physical training in
highly trained adults is associated with a modest
increase in cardiac dimensions [1, 2, 37]. Sharma
[37] showed that highly trained adolescents have
only a slightly greater dimension of LV and LVM
 they are physically less mature and have been
training intensively for a shorter period.
In the design of this study, we did not use
a control group. We wanted to avoid biases possi-
bly arising from the different constitutional charac-
teristics, incomparable life style, physical load and
psychological stress between competitive athletes
and sedentary controls. Furthermore, the number
of girls was relatively small, which could addition-
ally lead to a bias by selection in the control group.
Conclusions
In this study, we showed that a 21-month com-
petitive training programme in young female ath-
letes did not lead to the classically expected
increase in QRS voltage. On the contrary, the re-
sults supported the hypothesis that there would be
a decrease in the QRS amplitude at the early stag-
es of intensive training. This decrease could not be
attributed to changes in anthropometric parame-
ters, increased parasympathetic influence, or the
type of training. We suppose that the decrease in
the QRS amplitude could be an early sign of the
rebuilding of myocardium, reflecting the changes in
electrical properties of myocardium at the early
stage of LHV development. These results stress the
need to pay attention also to decreasing QRS val-
ues, to the changes within normal limits.
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